o,

e A G g W g v

e B% I

oo sia s

= b

.

4

DISTRIBUHON s'tamm K |

Rppxoved for public xe!ecnq

Dintnbuﬁon Unhmmd

Reproduced From
Best Available Copy

‘f"ﬂ LAY

.n.(&"« X




[
R

R e N g ey gyt

——

( m.ﬁ!ﬁﬂ [ ' Report Nq RL-TR-7I 9 )

Y

I

Q gROUND §.UPPORT EQUIPMENT I_ECHNOLOGY

ey

L;IGHTWEICHT LAUNCHERS FOR _J‘lOULDER-F!RED ROCKETS. j

by

‘ ANNUAL){EPGRT Lor § r Y 7_./,,

S e ™ o

@Wz'/g;e‘;;;é 1

N

DA Pro;ectkN—oTlM2623ﬂ3A2l4 ‘
AMC Management Structure Code No. 522C.11.214"

. -._;‘
) !
Ground Equipment and Materials Dlre'ctarate \.' o m 4 ( -
Directorate for Research, Development Engmeermg
and Missile Systems Laboratory R i
- US Army Missile Command - AN "ij o e
Redstone Arsenal, Alabama 35809 f e s




e
A
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The purpose of this report is to present and describepmethods
which may be used to define rocket exhaust flow fields, launch tube
internal pressure profiles, recoil forces, and effects on missile
launch due to launcher-missile interactions.

To this end, computer programs have been written which will
calculate relevant data for input into other programs giving plots
of the stagnation pressure and temperature profiles in a given rocket
exhaust field. A program tras—béen suritten which will give a ploi of
internal tube pressure at the rocket nozzle exit plane as a function
of missile t;avel. A method for estimating reccil is explained and
a program haewbeen developed which simulates the launcher in the
pitch plane for use in determining the launcher and missile motions
in this plane and the effects on the missile of thrust misalignment and
center of gravity offsets.
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Section I. INTRODUCTION

The object of this task is to provide parameters and information
relevant to the reduction in weight of shoulder fired rocket launchers

to a minimum value consistent with the maintenance of required system
performance.

The scope of this effort encompasses the following: (1) Prepara-
tion of computer programs to define the stagnation pressure and tempera-
ture profiles in the exhaust field of a rocket, (2) Devciop a method
for predicting the internal pressure in a launch tube during launch,

(3) Discussion of means for estimating recoil forces, and (4) Establish

a computer simulation program f{or predicting launcher effécts on aiming
and launching of the missile.
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Section II. EXHAUST FLOW FIELD DEFINITION

2.1 1Introduction

The overall purpose of the rocket exhaust flow field program is
to provide, given all necessary data for a rocket, a visual representd-
tion of the stagnation pressure and stagnation temperature profiles
in the rocket exhaust. ' Several programs are provided which calculate
input data needed by the temperature and pressure programs.

The equations and methods upon which these programs are based’
are to be found in the references listed inthe reference section. Each
program will be shown listed on programming forms with input data
shown in the appropriate registers and output values blocked in with
dasheéd lines. A description will be given with each program giving
its purpose, inputs, outputs and equations.

The machine for which these programs are written is the Hewlett-
Packard 9100B with associated Plotter: and Extended Memory units.

2.2 Symbol Deflnltlons

a - Region I Boundary Coefficient
b - Region I Boundary Coefficient
c - Region I Boundary Coefficient
De - Nozzle Exit Diameter (inches)
b - Nozzle Throat Diameter (inches)
I, - Intercept of Linear Spreading Characteristlc Curve,
Iy -~ Intercept of Axial Temperature Decay Curve
K - Ratio of snecific heats of exhaust products
lg ~ Length of Supersonic Cone in Exhaust Flow (inches)
Mb -, Maximum Mach Number at End of Region I
Me - Exit Mach Number .
mp - . Slope of Axial Pressure Decay Curve
me . =~ Slope of Axial Temperature Decay Curve
P. "~ Nominal Design Chamber Pressure (PSIA)
q - Value of Isobar to be Plcotted '
9e - Gage Stagnation Pressure at Nozzle Exit (PSIG),
Ans - Gage stagnation pressure on axis at end of supersonic
cone (PSIG)
qmsmax © = Maximum value of pressure parameter for plot .(PSIG)
r - Exhaust Plume Radius at End of Regiom I
SFyx - Plot Scale Factor for X-Axis
SFy - Plot Scale Factor for Y - Axis
T .- ‘Value of isotherm to he plo:ted (°F)
Ta - Ambient Temperature (° F)
T, - Flame Temperature of Propellant ( F)-
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Tnax - Maximum value of temperature parameter for plot (°F)
Xmax - Maximum value of distance parameter for plot

ax - Plot increment distance

Oe - Nozzle expansion half angle (rad;ans)

2.3 Exit Mach Number and Intercept of *the Linear Spreading Characteristic
Curve :

2.3.1 Purpnse

To calculate the Mach Number of tne Exhaust Flow at the nozzle
exit plane, and to determine the value of the linear spreading
characteristic curve intercept. This last parameter is necessary in
the generation of the Exhaust Pressure Plume Plot.

2.3.2 Inputs
De» DC) K

© 2.3.3 Outputs

Me) Ir
2.3.4 Equations
v . K+1
At _ D2 _ Mo K+l 2(x-1)
Ag Dg2 2 + (K-1) M2

This equation is solved iteratively for Me.

Ir = 0.15489201 Me3- 2.2941041 Me2 + 10.612059 M.r4.0070141 "  (Ref 3)

2.3.5 Description

After program is entered the values of K, Dy, Do are entered
in the Z, Y. X registers respectively. Press Continue and the value
for Mg will be-displayed in the X, Y, Z registers. Press Continue
twice and the value for Ip will be displayed in the X, Y, Z registers.
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2.4 Axial Temparature Decay Curve {with Plot)

2.4.1 Purpo e

To generate values for the slope and intercept of the Axial
Temperature Decay Curve.

2.4.2 Inputs

Me’ Des Tc, Xmax, Tmax
The values for Xp;x and Tpax should be for a 6 in., by 9 in. plot.

2.4.3 Outputs

M, It

Plot of stagnation temperature on axis vs distance downstream
on the axis.

2.4 .4 Equations
.020042599Me3 - .24382049Me2 + 1.0618553M, + .11165953 (Ref 3).

-m¢

Ip = 6.36 Mg - 2.874 (Ref 3).

2.4.5 Description

After program has been entered, the values of Mg, De, Tc are
entered ‘in the Z, Y, X registers respectively. Press Continue and. the
* value for Mg will be displayed in the Y register, value of It in the
X register. Press Continue, then enter values for Tp,, and Xpay in
Y and X registers respectively for a 6 in. by 9 in. Plot. Press
Continue for Plot.
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2.5 Axial Pressure Decay Curve '(with Plot)

2.5.1

Curve

2.5.2

2.5.3

2.5.4

2.5.5

Purpose

To generate values for the slope of the Axial Pressure Decay
and the length of the supersonic cone in the exhaust flow.

Inputs

Me» De» Pc» K, xmaxsqmsmax
The dimensions of D, should be in feet.

 Values of Xpayx and 4ms  should be for a 6 in. by 9 in. Plot.

Outputs

ls, mp’ de, qu

Equations

1, =16.113Me - 16.125  (Ref 3)
my = -.451667Me - 1.375 (Ref 3)

K
14.7 [(—lff—l—)m - :l (Ref 3)
x+1
, qe = PC + K- M 2 [K

Description

s

- 14.7 (Ref 3)
K+1

After program is entered, the values of Mg, De, Pc are entered

"in the Z, Y, X registers respectively. Press Continue, the value for

lg:in feet will be displayed in the Z register, ls in inches in the Y

register, mp in the X register. Press Continue, enter value of K in
X register, press Continue. The value for 4ps will be displayed in—

the Z register,(9p/ 9e¢)s in the Y, 9, in the X. Press Continue,
then enter 94pg ax In Y register, Xpax in X register for a six inch
by nine inch Plot. Press Continue for Plot.

10,




IR S A

S e S

- 256_Axiar Peessuee Decay Cueue ' | Pace 1 oF3

a o Display v Gisplay ,} o Display
S oxey |3 x ]y |z § key 18] x| v ] 2 § Key I L IEBIERE:
0,9]cLear |20 ' 30] x 3g 6ol 3 o3
1] emT 42, A1 o TIRoL tl22] .
!r? ¢+ 21 12 . 2 :2 In x -1¢5
8] 1 log S| 3 lo3 Blrot 122
sToPai|R |De Me| 4] 7 o7 M x 3¢
Ol x—() 23 5] 5 los Sl & 25
of ¢ e 5| _+ 33 6] e* 174
4 I -Y 7l 4 2s 2 ¢ 2
:8 2oz, | Bleng s 3 8l 1_loi
9] = I3g 1[9 2023 S - 24
g 5—0() 40 Gl o 00 ‘g I Of
bl d it | b conT |47 bl 4 log
e] b lzs| {1 Y el - 2
dly—~0lao dl 2 oz g 7 o7
10] e |12 40| x Bse TO| x 3¢
JL 1 o 1xe O l67 "ly—0id0
2 @ |oe :_2__(2 oof | 1 112 4 |o4
3l - 2 - 3l srori4i{mp &l Blxe- O 7
4] | ol 4l o loo 4] 2 o2
Sl 1 og Sl ¢ 127 S|t 27
6] 3 [o3 6] ¢ 7 6l e 12
7] x 36 Il 2 2] 17 x I3
8 1 lof] 8| sToplat| K | 8l x I3
9 ¢ o Olx—e0) |23 Sl 2 loz
Al - g ‘ =] I (- La i A e Yo
;b 1 _lot] . bl ¢ 27 Olx'e-0 |67
Ll 2 o2 LS I b X 'l 1 oy
:d 5_los gt lof At 127
20| - P4f 0| "+ |33 Storage
':; d 7 ' 2 oz o
Cl_X 3 1 2 = Bs Bl Mg
13 y—=l)i40 ‘:3 Roit t|22 d|Dg (FerT)
4 F s xSy 30 _IEre
5] e iz} - N ] I Y a|
6l ¢ a7l 6l - B¢ 9
7] . ( ’ 17 xe=0) 16T ' ?
8l 4 o4 8l 1 o 6
9] £ lox Olx =y |30 i : ‘ ]
g ] o : 13| = si ™3
bl ¢ e blx=0 23 SrdeL
el 6 log ']l 2 o2 | K
dl 7 bt 1 dly—eldo [0y

! o . 3 L
- o L= PSRRI - PH TR
N . o N ' . A




a Displaly a § Display o ° Display
2 Key § x|y z 18 key [ S x| ¥y | 2 ]|&] ke Elix]y ]2
80] 1 loi bo| t 7 20 ¢ |27
] o+ Bl | e 0 o7 1| o loo
2] e D2 12l | loj 2] EMT l42
3] x e 18l ¢ | 3| 4 l2s
4] x J3¢| | 14]xe 0 [¢] 4 3 b3
5] 4 g ‘ 5| 2 loa S| o leo
6lx & u |30 8] = Bs 6| o bo
Il = Tias 7 xe 0 Je7 | 7l o ko
18]y =0 |40 ' 8l 5 los 8| ¢ [z
9] 's los 9] In ¥ o5 | 9 o oo
13| xe) |67 ] faqb TO |44 '] FMT |42,
Bl 1 el bl - e Bl 4 las
el ¢ g el o loo £} o (oo
'dl ¢ 2 dl e bo dl 4 g
20| 1 lof 100| x |36 130! FMT 42
A+ 33 M b bs ) s
2] 2 lo : 2 e" 114 : 2] | loi
:3 gott $la2, 13]x 3% 30 :3 5 losg
4] x |32 4l = 35 4 o leo
5§ lzg Sl c lie Sl o leo
6lx = « |30 8 x g 6j FMT |42,
7] = s Il 1 ey 7] ¢ hs
8l e lin 8] 4 log 8l 3 loz
19 X L [9 . 21 19 O loo
i 8l x £ ! 9] 7 o7 3l o oo
i :b xeQ 67 {rb - 34 b o bo
‘ Ll 2 b2 1Eixe 0 l67] Cl erT 42,
i j|d roLL $|22 :d + 33 dl b s
a—(o - cly 41,0 4 o4 Storage
'r1 Y he xSy 30 7 ’
2 - e 2l ¢ b1 e
:3 L__let :3 y 25 g
Bt 4 = B 5
1S5|xe=0 |67 | S|sToP |41 ] % | E]
6] 2. |02 | 6] o ool — [ 719
7] = Bs 7 ¢ b7 ?
8| ¢ |25 BIFMT la2]| 6
Slx 2y 20 9 L 5
13| 1n x_les '8l 1 o 4
bl x e bl 5 las 5
L 2
el § lag ICl_o oo 1
dl e* l7s d o loo 0

12




Al AR 32 RN

AW A St 5 TR V .
FPace 30r3
Display
Axiac_FPeessuee D g m;“ & w |E[ Ty
nzspll! a X
o H] Key T
s 3 x y il I a0l + 53
3 Key LX) --7|O o [5]=] |1 H—.() 40
Hol s os o e 2l e [
i1 s oS 12 (o) co lr3 f £T
Io o loo |31:_-:o.\ 30 4 [ O
3] o leo 4) <= Bs 5] 0. oo
Sl 4 [zs 6l + s 7 x e
6] o bo 7l ¢ lie 8y ¢ ‘
8] . ¢ |27 9] £ s g = |34
‘ r
ol £ lis St 27 b T o7
() . S PY : ) 1 o Il & |io
bly <0 4o o oo Hlerear jzo
\C e iz dl x|z ‘ 40 EMT 42
ig . 21 _halo' e 12, EJ f T
= 1]l = Bs 2] END lag
M x e 2l b I2s 113
2]y Q) l4o 3lin x o5 4
i3] § s 4] 4 27 5
4 ] of [5 x=) 6T ) :6
's| o 00 6] + 33 17
7l x 3¢ 18 xc‘}, 30 19
Elx=0le1 Sl 1yl lss s
9 4+ a3 gy X 1)
'La 4 o4] 'Lb 4 c
b g il e* hre d
3 b3 ] P St
d gouut:; 130 x==() i;’ T Flax- 13,
160lxe ¢ - o — 7 —
'] sToplag 4 2 4 b4 d
2] ¢ 21 13| x £
<4 , &
4| 5 e S| x 13 9
S o ko 6l e 12 ?
7 X o Y 150 8 d 7 S V»
8| = Y _;9 X 4 .
9]a—=0 e 3l ) l2s] 2 ;
E] - blemt Lz | i
e el b las 0 '
ic]l b s ] el '
'dl =z o3 '




- ——

2.6 Boundary Coefficients (Region I)

2.6.1 Purpose

To generate coefficient values which determine the extent of the
supersonic exhaust flow region (Region I).

2.6.2 Inputs

Me, De‘» De, Pc, K, Qe

2.6.3 Outputs

‘a, b, ¢, My, 1

2.6.4 Equations

a= ] - Fe secw (Ref 1)
l - sec w
b =Tanw (re - a) 'v(Ref 1)
i

c = [(re -a)l + bz_-] (Ref 1)

)L
— 2
2 P K '
M =Y {Ta'c"") -1 (Ref 1)

'] K+1 :
J {K—H [ | L (k-1 }“(K'l) (Ref 1)

2. 6 5 Descrigtion

]
N

1

After program is entered, values for Mg, D, D¢ are entered in
Z, Y, X registers respectively. Press Continue, then enter Pe, K, 8¢
in Z, Y, X registers respectively. Press Continue, and values for a,
b, ¢ will be displayed in the Z, Y, X registers respectively.
Press Continue, values for M, rl will appear in Y, X registers
respectively.
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2.7 Nozzle Placement

2.7.1 Purpose

To generate a representation of a nozzie as & visual aid when
plotting pressure fields in the exhaust.

2.7.2 Inputs

8¢, Dg, D, SFx, SFy

8 should be in degrees.
2.7.3 Qutputs

Plot of nozzle

2.7.4 Description

After program is entered, enter B¢, De, Dt, in 2, Y, X registers.
Press Continue, enter SFy, SFyx in Y, X registers. Press Continue
to generate plot of nozzle.
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-2.8 Boundary Plot (Region I)

. 2.8:1 Pufgose

" To generate a plot shdwing the extent of Region I in the rocket
exhaust flow field. '

2.8.2 Inputs

a. b, ¢, ax, SF, SFy

u\lc'
<o

A good value for 4x is

2.8.3 Outputs

Plot showing the exhaust plume boundary in the supersonic
region (Region I).

2.8.4 Equations
c2 = (r-a)2 + x-b)2 (Ref 1)

2.8.5 DeScrigtion'
After program is entered, values for a, b, c are entered in the
2, Y, X registers, Press Continue, then enter 4ax, SF,, SFx in the

Z, Y, X registers. Press Continue and a plot of the Region' I Boundary
will be generated. ' ' ,

20




286_ Reaion I Bounpaey Pot | Pace 1og1’

a Display a © Display a ° Display
g1 Key § x|y | 2} 2 key | S x| vy ]z 121 wy [E1 x 1 ¥ 2
0Olc eag 20 30le x>y 53| 60| c g
11| EMT 42, J 1 log L1 I O b ¥
2l bt 27 2] 8 o 12 x
B 1 log 2 conT 1T 18 b g
4l sToplatl ¢ | b la [ 14 0 0o .l B P 5
5 . 5| 4 5
Plx-—=()i23 K 1 oL X I3e
6l ¢ lie 6] EMT 42 ] ¥ g
Jly—~0 0 LA B S & ¢ Il — 34
8l b s 8l x —Q[23 8l e li2 .
Sl ¢ 9 e iz N ] B -
5]y ~+() 40 \J| CONT 47 T | T
6" o, 13 bigo Tola4 BV s
iCleLear|20 Ll suB (17 icl — B4
gl 2 b2 | d ¢ g g 2 loa
10l sToP 41| SFx Sky ax 40| o o 70[ ¢ 127
Jx-e0 23] | b fz2s 1l e iz
2l o Inul 01| [2leks sialzz 2l X 3¢
Bly—=0ig0| 1 [ |3t l2z 3l b lia
4" d 7 4 d 4l x_ 3c
Sl & l2s) L |8 x 36 : Sl 4
Sly—=Qld4o] . 6l e iz 6l + 33
7”5 s I S L Fs
8| coNT 47 Blxe- O lo7 ' Bl A" 176 |
, Sleo To L4 8le in 9] ¢ |27
Sl sugltzl L |9 _x._36 ' gl o i3
: :b 6 _oe|l i LQ,,_,L__F.S ' bl + 23
Ll o ool | Ll EMT 42 Cleatued77] .
| g Lzl 1 gl _§ 25 d
T T
210 X 3&.{_, ! - '__ 559 | RCL Gt » Storage
K1 P 7% I A ) Y R N -~~~
f | T
2l ¢ 27 i 2lu—=0l40 Elxi
1Blxe-() |67 : Sl"e i gl SEy
- IT A b e 15 e
8] x' 136 15 X>4i53 3l ¢
6] VI 25 6] 3 "lo3 JEIE
7] emMT 4 7l _a iz ?
8l ¢ 2s 8lergar 20 6
S|Re (61 Ol EmMmT 42, 5
3] + =3 N ) 4
f ) f 3 .
Bly—=0 40 N Y T 5 .
Il e . iz '[C SToP |4 1
d b ha A eonT 47 0 %

L ey AT R TG WY o s W T e A Y M T s




L PN

m s

2.9 Pressure Plume Plot (Begion I11)

2.9.1 Purpose

To generate thefisobar plots in the mixing region (Region II).

2.9.2 Inputs

Iy, b, De, .ISa ry, aXx, SFx; SFy: lmp-' s qms, qy

2.9.3 Qutputs

Isobar plots for Region II of the exhaust flow.

2.9.4 Equations

ax= ( 15 - b).02 + 1 (10°6)
. : ' _]; .
1.16 2

r = rs + re [L-——)-)I{iDe] 35 ( ] [l_e-°2(x-bﬂ

) .
where ls l‘“pl

m={%] %nms

- 1.16 1.16
rg = ry + Nre r-SEéRgl:] - Nrg (X/De)-]
. ) ) T Lo Ir

N’ =

I E s/De] 1. 16 E’/Dejl 16

2.9.5 Description

After program is entered, enter Iy, b, Dg in 2, Y, X registers.
Press Continue, enter 1lg, ry, 4xin 2, Y, X registers. Press
Continue, enter SFy, 3Fx, in Y, X registers. Press Continue, enter
|mp| 9ms, 91 in Z, Y, X registers.' Press Continue to generate plct
of 9. After each isobar is plotted, enter value for next 94 in X
register and press Continue. :

22 R




B

29.6__Reglon I Teessure Prume Puwor

i

Yace | oE3
Display . * Dispiay - ° Display
5‘? Key § x|y | z § key |80 x 1 51z 12} ey B[ x|y ]2
O{Q CLEARIZO 30] 1 ol &o & s
1] sTopl41|De [ b [Ie | [1xe0O lo7 M 4 |t
2lx w23 2] _© loo 2] ¢ Dby
Sl_a. i3 8l x Jze S8l e iz
ud PERVAY P 4] e iz B4l = B3s
8" b i 5| + B33 S| 4
6l = Bs 6]y —=Lid0 6} In x
Jl & l2s 7l 2 oz It g
8l y =40 8] sTOP|4.t|SFs [SFy '8 xe-Q) 67
Sl ¢ lie 9] x—=0 123 S| _— 3¢
13| x 2 430 gl - 34 3] e lia
bleo Tol44 :b a |13 bl x Be
i£] sum |77 Ely—=) 40 il & jzs
id| — |34 d” - 34 gl e~ 174
10| 5 los 40| L lia 70| ¢ |7
A2 lez 1] sToP |41] 2i |G llmel] ] xe-0) |67
2] x Q) (23 12| x-e() |23 2] — 34
3l o o B _~_13 3 4 7
4lsToPlatfax v, | £ |4 c U G x 36
5| x-=023 5lu—0 40 '5| xe-Q) 167
6l £ lis 6] - i34 8l — 34|
7ly—0l40 . d i 7 ¢ e
8l e liz 8| 4 Izs 8l = 35
9] § fs Sly-=0) 40 9] 1
2 y—=Q |40 3]  ~ 134 9l ln x g5
e I W B s 12 :b + 27|
fl_a N3 1L 54 £ 1 ol
d| =+ s 'drEfLu- Y
20| ¢ e 50|x—0) 23 Storage
%@ Tol44 ' e ln o >
2] sur 11 2] e iz elv, x; Img]
13 — ' 3] ¢ |27 d| 2 Qs |
4 &5 los 4 o D3 IS ]
5] 2 oz 5| + Bs 3[Da_ Xeg |
6] ¢ 27 6l ¢ lia 9
Tixe=0) |67 7lgo 7o 44 ?
8l o 8] sug 77 6
Sl - i3 9 — b4l 5
9l e iz 9l 5 los g X
blxSyuizo x'tf 2 loa s
W) = .3 Olx—w)23 1
_d y—=Ql4o 7 - 13 0 gj—r‘
T 23

-




7 e MmOt .‘ bt s 855 % .

A
_Reqion I Beessuee Prurme Prot Pee20rz
Display Display j ° Display

x| ¥ y v (B[=Ty El v |3[ = [7 ] 2
8}0 3 o3 -lp x+0 67 40| x—=0) 23

1] 5 los Jd + 133 1] - i34

2] = l3s 12| 2. loz, 2l ¢ lie
s Bix22y 30 Blgo Tol44

4] Jx" n 4] — 34 4l + 33

S| t a7 ) Y 5| 4 log]

'6 x() |67 6] + B3 6l ¢ I |
Jl = 3¢ Tlxe-Ole7 7| Ret et

:8 £ lis 8] — 34 8l + 133

Sl x 3¢ 9] b lis Sly-=0 40

9] a, 13 Gl X B¢ 3l e 112,

bl x (3¢ bl e iz bleo Tolaa

el 2 loz el b 27 icl. + |33

g+ Bs | xe(> 6T g s los
20ly—() 40 20| — |34 15902 loa

A3 |e3 d] a3 1 conTlaT

12|go To |44 2l x 3¢ 2| + g

3| — 34 K - 3 | bs

Jod BN - 2 4] EMT |42, dlln x Bs

2l o S & 25 15 4 27

16 :6 d iz 6] 1 lo

7 JU¢ o7 7 e 2i

8 8| e |1z 8l | lof

9 Olle xeyls ol ¢ log

3 3| — 3¢ 3 x Be

B ' 4 ol bl ¢ los

\c £l 7 bt '] e* 14

:d 'd X - 7 :dlns‘-rueg 2

OlconT [47] 30{ - |34 Storage
lconT |47 b e '3

2l xe- ) 67 2leue sn]3 g

8 + I33 Blx () 123 d

A 3 les| A - 34 &

19| x 3¢ St b s E]

6] xe- () l67 ol emT |4 9

7 - 34 7l 4 b ?

8| ¢+ lis Blle Fuag4a 6

SL ¢+ 127 Oco To lag )
13| xe-0) g7 '3 + 33 4

bl o+ 33 bl 4 ‘ 3

‘ 2

il 1 lor Ic d 7 1

gl x 3¢ distorie1l9; 0

24 /




__Reaion I Fressupe Rume Plor

_Poas 3 k32
. Display a . - Display ’r.A . Display
§ Key § X y F4 ;‘u, Key' 3 x | yrz ,‘,u; . Key E X y 4
. QTO e |z '0 :9
NIRRT ' "
2] b lis 12 2
3 - ke '3 3
4] - 2 4 '4
S| 2 loz L5 5
6] x k¢ 6 B
:Z; 4 bs 'r; ;;
| {
9] ;cd 3,2; 9 '9
RY i
19kne, sigul32, £ '3
bl ¢ by b b
lrc | ol [C 1c
dl + h3 1d d
170lg0 To 44 0 0
F - 4 i1 {11
12 ©_|oo 2 ';2
3l 2 o 3 '3
14 'q 4
'5 5 5
6 6] 6
7 7 7
8 18 '8
19 | '9 9
3 13 '3
L b b
‘c L\ B
id 'd d
jLo TO ‘ Storage
[ B . i
2 2 5
13 K| dl
o 4 c
18 15 NE)
'8 6 o[
7 7 g
l8 18 6
) 9 5
13 g 4
b & 3
ic Ic 1
d ] 0




whrwmwum I1 uoy3ay pue awn[d 2anssaid ] uoylday ‘juawdde(d 3TZZON " 1-T axn314

aunyd

(seyoul) 3ITX3 woxJ wealrIsumoq aoue3siq

09 0¢ 0% o€ 0z or . 0

0¢

b
. - -
\ . & a
. : 1)
- 0
wEU / .nvu..
0°1 — o ———
10° 1. N R

(41sd4) 10000

. — . : 0z

11 voiBay =e—+¥= 71 uo1l8ay




Loy

PR SO

2.10 Pressure Plume Plot (Region III)

2.10.1 Purpose

To generate a plot of isobars in the subsonic exhaust flow
region (Region III).

.10.2 Inputs
Ir: qe’ De: mp’ ls" xm&x, rmax, 9, qms

Values of X;,, and r,, should be for a five inch by fifteen
inch plot. ‘

2.10.3 Outputs

Isobar plots for downstieam distances versus radial distances
from center of nozzle exit. :

2.10.4 Equations

la}
Q
i
]
4]
HE
[a}
[
L
Lol
s
[}

1, | I
e 2] T

q
1 m
U |
To|T3s (q- )
2.10.5 Description ' ;

After program is entered, Ir, 94, Dg are entered in Z, Y, X
registers respectively. ,Press Continue, then enter Mo, lg, 9ms in
Z, Y, X registers respectively. Press Continue, then enter values of
Xpax and rpax for a five inch by fifteen inch plot. Press Continue,
thea enter in X register value of first |isobar to be plotted. Press
Continue for plot. Upon completion of p|llot, enter next isobar value
and press Continue for plot. '
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~2.11 Calculation and Plot of Isotherms in Exhaust Field' (Region 1I)

2.11.1 Purpose

To calculate and plot isotherms in the mixing region from the
supersonic cone outwards. ’

2.11.2 Ioputs

SF,,.SF,, Ta, &X, X, T

_De» Ir, 15’ It; mg, T x? y?

e,
2.11.3 Outputs '

T¥s - stagnation temperature on axis at end of supersonic cone.

Isotherms will be plotted on a radial versus axial distance
scale. -

2.11.4 Equations
, me
* = - 1
Txg (T - Ta) (?T;7§;{] + T,

1.16
(X/D) r ,
| 1% ] (=) o
2.11.5 bescrigtion ' '

This program is composed of five subprograms, Po - P,,

which are entered into the Extended Memory Unit. The Printer should
be on with the|Y button depressed. After program is entered make all
inputs as shown for Po. Press Continue and a value will be printed
for T§s. Enter this value as shown for P2 and the outline of the
, supersonic cone will be plotted. After each isotherm is plotted enter
- the value of the next isotherm to be plotted. These values must be
less than TXg.| The curves will be drawn for the positive radius only.
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2.12 (Calculation and Plot of Isotherms in Exhaust Field (Region III}

2.12.1 Purpose

To calculate and plot isotherms in a rocket exhaust flow field
in the region downstream of the end of the supersonic cone.

2.12.2. Inputs .
' I?e» Iy, ls: It, me, T, SFx, SFy’ ‘x; X, Ta, T

2,12.3 Outputs

Isotherms will be plotted on a radial versus axial distance
scale. ' ‘ '

2.12.4 Equations

o B R N N

rv= (D{) 1.16 [_:_:ﬁ (_:_;}

2.12.5 Descrigtion

After program is entered, all necessary inputs are made as
indicated on program forms. For T, enter value of is>therm desired.
After it is plotted enter next value of T and contintv- this procedure
until plot is completed. ' '
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Section I1I. TUBE PRESSURE PROFILE AND RECOIL PREDICTION

3.1 Tube Pressure as a Function of Length

3.1.1 Discussion of Program

A method was developed whereby the pressure inside a launch
tube due to missile exhaust gases could be predicted as a function of
missile travel. The procedure used is discussed in the following.

A close fit was assumed between the missile motor nozzle and
the walls of the launch tube, with no space available to allow the
exhaust gases to expand around the hozzle rim in a forward direction.
The pressure on the launch tube walls was thus assumed to be due to
the component of exhaust gas flow parallel to the nozzle wall exerting’
a force on the launch tube walls. This program gives the pressure on
the launch tube at the locaticn of the rocket nozzle exit plane at the’
time the exit plane passes each given location.

This procedure does not account for shock wave buildup in the
tube behind the nozzle nor for any effects attributable to them.
This would be a consideration fot future effort combining theoretical
and test results. :

3.1.2 Results and Discussion of Accuracy

The program as written will provide a prediction of tube pressure
versus missile travel. The accuracy of the program will not be
ascertainable until comparisons with actual test results can be perform-
ed.

The predictions may give lower than actual values since the
effects of shock waves in the tube were not considered. Shock waves
could cause pressure variations aft of the missile which may exceed
- predicted values. If test results seem to indicate this, a study '
could be undertaken to simulate shock wave effects.

3.1.3 Tube Pressure at Nozzle Exit Plane Vérsds Missile Travel

3.1.3.1 Purpose

To calculate and plot values. for the pressure inside a launch
tube, due to exhaust gases, at the nozzle exit plane as a function of
missile travel.

3.1.3.2 Inputs

W - Effective Missile Weight (Pounds)
Pr - Pci/thmsti

44,




ey w

ny
9n -
th -
T, -
at -
SF.

SF,,

3.1.3.3 Qutputs

Plot of tube pressure (PSIG) versus missile travel in tube (inches).

(9 + 24.7)/p,
Nozzle half angle
Time
Thrust
Time increment
lot ordinate scale factor
Plot abscissa scale factor

3.1.3.4 Description

After program is entered, enter Pyy, P, Win Z, ¥, X
registers. Press Continue, enter Op, SFy, SFx, in Z, Y, X registers.

Press Continue, enter &4 in X register.
in Y, X registers.

S e

Press Continue, enter Tn, tp,
Press Continue, value of (tube pressure, missile

travel) will be plotted, continue entering values for T,, t, until
"plot is completed.
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3.2 Recoil Prediction

The recoil force predictions are based on the following
considerations: missile shoe frictional forces, gas friction forces
on the walls of the launch tube, gas impingement on the internal
step for a stepped telescoping launcher and gas impingement on the
forward face of the tube at missile exit. These. forces all contribute
to a total force aft (recoil) during a missile firing. Any internal
protrusion other than a step would also have to be accounted for in a
recoil estimate.

The launch simulation program described in Section IV can be
'used to obtain thke force-time histories of the shoe friction forces
and the time at which the exhaust gas would begin to impinge on the
step or any other internal protrusion whose location is known. For
these times, the nozzle exit stagnation pressure can be determined
and this, multiplied by the exposed area on which it acted would give
the force. The time at which the missile exits the tube, thus giving
exhaust impingement forces on the tube face, can also be found.

A good estimate of the recoil-time history can be obtained by
plotting all the separate force-time histories on graph paper and
summing to obtain the total force-time history. An example of the
result of this process is shown in Figure 3-2 for a stepped telescoping
tube. '
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Section IV. LAUNCHER SIMULATION
4.1 Introduction

A computer simulation program has been written which simulates
launcher performance in the pitch plane. The program is capable of
simulating both smooth-bore and stepped telescoping launchers. It
has provisions for utilizing a recoil force-time history as an input
and for studying the effects of thrust misalignment and center of gravity
offset. Figure 4-1 is a representation of a missile and launcher
showing the forces accounted for in the simulation program and the
dimensional data required.

The basic assumption for the simulation model is that the gross
motions of the system are due to the nonrigid support characteristics
of a man. The man has been replaced, therefore, by a spring and a
damper. Four firing positions were chosen as being readily simulated
for various configurations. These positions are depicted in Figure
4-2. 1In each position a point which appears to have the least
translational motien has been chosen as a virtual trunnion. The
spring and damper are then converted to torsional equivalents about
this point. '

This simulation model is intended only to provide gross motions.
A representative example of outputs from the program is shown in Figures

4-3, 4-4, 4-5. Results obtained by the use of this program are predictions

only and have not been verified by test data. No plans have been made
for verification tests at the present time.

4.2 Symbol Definitions

T, - Ts : Time values associated with the missile thrust-time curve..

Q-1 : Thrust values associated with the missile thrust-time curve.

Fo "t Coefficient of friction fof missile shoe friction forces.
Df - - : Démping faé;or for sy;tem daéhpot.
Fn : Natufal frequency of viBration of system.
17 | : quent of inertia of launcher about trunnion.
I : Roll momen; of inertia of ﬁissiléi
. Im : Miésile mohent §f lnertia.
I¢ : Total s&stem‘motion of inertia about trunnion,

U -'U3' ¢ Time values associated with blast force buildup (millisec).
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oy ST

Wi
Wz‘
EA

D1

D3

D3.
/A

Ds

Dé

b7

Dg
Dg
Dio

D11

D12

Force values associated with blast force buildup.

Integration time increment

Angular location of thrust

(sec).

misalignment vector from zero

reférence (counterclockwise positive).

Torque necessary to induce

Weight of missile (lbs).

Weight of launcher (lbs).

Launcher elevation angle.

Distance along X-Axis from

spin on the missile.

missile CG to front shoe

(Application of F}) (inches).

Distance along X-Axis from

missile CG to rear shoe

(Application of F2) (inches). -

Missile CG offset along Y-Axis (inches).

Missile thrust misalignment (inches).

Distance along Y-Axis from
edge of shoe (inches).

Distance along Y-Axis from
trunnion (inches).

Distance aldng X-Axis from

missile centerline to outer
launcher tube centerline to

launcher trunnion to

Application of F]1 (inches).

."Discancg along X-Axis from
Application of F2 (inches)

Distance along X-Axis from
CG (inches)

Distance along Y- Axis from
CG (inches).

Overall launch tube length

guidance length (inside tube length) for telescoping

launcher concept (inches).

Outer tube length for tele
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launcher trunnion to
launcher trunnion to launcher

launcher trunnion to launcher

for smooth bore launcher concept;

;coping launcher concept (inches).
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Figure 4-1. Launch Simulation Micsile and Launcher Model
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4.3 LauncH SimuLaTion EQuaTions

MissiLe EquATions:

EM, =18

1t BN o e A 2B i A P R b A b e 1 870

1,8 -F,D, +F, D, + (F3+F, )(Ds-Dy) + T (De+D3) - Fe (Ds-Ds)

SF=M.X

e e i aa

M,k = (TH +Fg -F3-Fy - W, SWER)cos® +{F,+F-W, cosEA) SING
EFy= MY
) MY = (F,+ F- W, cos EA) cosb — (THAFg-F3-F4 - W, SINEA) siNe

L auncHer EqQuaTions:

OV PPN SRR TE SU

=M, =LY
| (." | 1,¥= s(%-¥) - C¥ +F, (Dy+x) -F, (Dg-x) + ("‘:*&MDUDQ
| =Fo(Du-Ds) ~Fiby + Wy cos(€A-¥)D - Wy 3w (2a-9)D,,

| .Rs' LaTive MoTion: |
Y= T('D‘-Dle-(os s’) +(Dg-2) s;N  -{Ds ‘Da)()- co56)-D, 5106 ‘
Y= - Q’(D,.—Ds}sto‘f +9Dy tosy “XPeos ¥ -XSINY ;.é(bs -b"‘) S'Je-éb;w iz
¥=-(De-Dg) ¥ cosy - (b;-bs) Ysmy -Dg sy +D,s’ cosy
+ ﬁc.&"’ud ¥ -x §cosy -),xgcosy -X3my -CD‘ -D,)&'caso :

L= (Ds‘b;) & UNO .+ Diézsﬂ.)Q - 1_5 Cbse
N | 59 |




Foe Tue MissiLe :

Lert Fa= FsFC
Fo= RL4Fc

THEN | '
1,6 =-FD,+FD,+ FC_(F‘+F2’\) (ds ‘53)+T&(D4fb3)‘F$(DS’D3)

Feorm SMALL ANGLE  ASSUMPTION Cose v |
SIN®& 2O

TREREFORE :
M, X= Th+Fg-W,sNEA-FR-F,
= TH tFs-W,smeA - FC(F+F)
M, Y= - W, wsEA+F +F, -~ THsweo
1,5 = F,[-D.+ Fe (Dg-D3) ]+ RLD, +FC (Dg-D;Y] +TH(Dy+D;)-Fs (Ds-Dy )
lLet g =D,+Fc(Dg -.Dal)
E,= D, +Fe(Dg-D3) ,
E'z: D4+D3
Eq.: bs‘b3 .

THEN : '
l.é = "'E.F"" E’-Fl +E;‘TH -~ E4FS'

AuD | -
FtFzs MY 4THSO + W, cosEA’
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Foe Tne Launcher P

11§ b= S(Q&—*S\ -C \&’ *‘:..D-, 'F,_BB + (‘:.'(’ F;_)x 'f'Fs ¢. +:4'¢l
~Fe (De-Ds) ~F D +W, cos(ea-PIDa-Wisid (EA-PI Dio
wuezé IE F, 1s+ , $=D-Dg .
F, l“' -, ¢ - (De- Ds’)
Fo 18 + ¢L D.-Dg
. - “’:. = "(D‘ Ds\

L¥ = 3(9-9)-CP +FD; -FuDg+ F+F) x + FFC §, +FLFCd,

~Fe (D..-Dg) —F Dt Wy cos(EA- g)b,—vhxs:u(eh- ) D

 1 8= S(‘s;—\s’\ Cs’*(bﬁFc_&,»«x)F (D,-Fc&, -X)F,

~Fs (D - sz F. D +W, cos(en- ?)Dg W, 50 (EA V)Dco

.FLET Xu D7+FC4>,+X |

-Fedy-x | |
2 = ’Fg (Dv.-bs) FLD(."‘\‘Q‘LC‘*(QA 'A’)Ds \*\1.9*‘(5"\ ?)blo

Tueces FoQE

I,¥= 5(95’3’) _‘TCQ’ +X,F, - o F +2,
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Feom E@uUATIONS For RELATIVE MOTION , 620UPING TERMS AND
LETTING

.= - (D;.—De_) whcosy -535"5}u9+x§25nu9—2i9w3’
- (Dg-D3)é*coso + D, &*sive |

X3= Dgcosy- (D -Ds ) SY - cosy

X = (Ds—b3 )sive +D,cose

We HAVE

Yex;®-Xx,8-XsN®+2,

SiNce g
F +F, = M,V +THsING + W, ces EA

= M¢[X3,‘:'_él—X4.é -X siN y’+a~._]+Tste +W,cos Ea

leTtTING :
&3 < -M‘k. sNY+ M (2, rTHSING + W, cos EA

Gives
F+F, oM, x3 ¥ -M, X48+2,
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R S S Sl L R S L IFRBGINCRO L NP SN TR £

Sowving For F
I,6=--E,F +E,F, +tE;TH-E F¢

E R -Bif- -'-I.'é +EqTH _—54-‘:5
E R tELFREM X3 9 -E, M, x O +E, 2,

(E,+E)F, = E,Mx3 ¥ - (EZ-M.xﬁ +1,)6+E, 25 +E5TH -E,Fy

E. M E M i ¢ €, 5 Ea
F.z € <€ x;y> E,1€2 7‘4*fe:-+c-.1 e+;+e,%3+s,+slT“ E+E, Fs

Letm NG €M, E. Eo
Es E.+€r E7 = E,+€r 59 S EftE,
1, L Ea |
EG = E,f e-)_ E‘a - E I+E'L

‘:l = Esx3 gs -'(Esx,4+ Eg)é "‘E-,%s"’EeTH —E,Fs

 Sow NG Fee F

FLe-E X 3¥+ (E,°X4+Ec)é+ E 23-EgTH+E,Fs
WHERE  E, T E¢-M,
' E"‘ 4 "‘57

THEN, WITH

X5 EgX4t+E€¢

Xe® EpXetE

Z4eF Eq23 tEgTH-E Fg -
2s® By23-EgTHtEFe
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We HAVE
FL=EgX, ép:.-xgéﬁ_g,_
Fo= “EioX3¥® +X.© +2¢
Twere aee THeee CAses To Be CONSIDERED
Case T : Missie i dnee TuBe ( $=8)

Case IL : FEONT suo&s deaP oFf (F,zo)
Case IL: REAR SuHoEs DRoP OFF (F‘=F,_=o)

CA’#EI.,: ¥=9

1,9 =s(g& -P)-CREX, [esxg's'*-x55+z,]—x;EE..x3§+X¢.é¥Es]+%.
¥ - [s(g;—?) — CP+X, g Nyt | /[I;-Es X, X3 +x,xs-e.;xtx3+x,,x¢.]
¥ = (x3-X) Y- i»smy +2,

FisBexs ¥ -xsB ey

F‘L=. —E", X.sy + X é"’%;
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Case IT: F=zo

1,6 =E,F, +E,TH

FLaM, Xx39-M,x, 6 +32,
- I,E;:EtM.x,éé-EzM‘*4§+E¢%3+53TH |
& (I,* ELM|X4): E M, x.sids +E, 23+E3TH
LeT .}cs= I,+E,M, X, |
Xio= EL M X3
297 Ey 23 +E3TH.
Ix,sé =x,, ¥+ 2,
I, 8= s(y-9)- ci-x,F¢2,
';-'s(‘f&'?) _.c,g>‘+-z, “XaM, X3 8 +X M X4 B - Xa 2y

;:I.’ (I-L"'x}.x;Mn): 5(‘5’;'3’) -C@ti-' +K,_X4M..9.-X,_1'£3

R Tl

: ' LET 27 = Ig *K;)(g M)
: o ' Xg~ M X, Xq
- ".E:"(a.fz
s Xy W= 5(?‘_?) - C.!;'*f.x; .9.+'2'¢,
SoLViING Fog 8 AND ¥ :
5’ = [:5(?6‘3)XI0;,CX|OQ+XIGEL "x‘l%‘l] /(K'rxs ‘-xﬂ.x")

§ o[5(9-9) 0y CX Q¥ +Xg 21X 520 ] [(xy%s-xg %)
s
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Fo= M ,X;¥-M, X6 +2;

YoX; P-xed-XsWPt2,

CaseIr : F,=F_=0

I( =4 =E3TH

.. Es
&=, T¢

I, 9=509e-9)-CP+3,

§=1, [s(9,-9) - 9w,

Y -'xsés"—x.‘ié—iés'ms’ +2,
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4.4 Descrigtioniand Program .

This launcher simulation program has been written for the
Hewlett-Packard 91008 with Extended Memory and Card Reader Units.
As such, it is composed of a number of programs which perform specific
calculations. Since the calculations involved were so lengthy the
basic program had to be broken into two different parts. '

Part I consists of programs Py, Pj, P, and Py. These are the
input and initialization parts of the program. The input data
controlled by these programs is entered into the machine via marked
Data Cards. After data is input and initial conditions are set,

Part IT of the program is entered. Part II consists of programs

P20, P25 P26, P30, P35, P36, P37, P3g, P39, Pso, P41, Py2, Prg» Py
and Pj». These programs perform the integrations cf the equations and
calculate all output data. Program Py calculates thrust values;

Ppg calculates missile roll; Ppg calculates motions along X-Axis;
P30 calculates friction blast; P35, P3¢, P37, P38 P39 calculate
values for the Xj; -X10, 2 - Zg, ana E} - Ell terms; P4g, P41 and

P42 Case I pregrams solve the equations for the Case I condltlons,
P40, P41, and P4y Case 11 programs handle the Case Il equations and
P40, P41, and P42 Case 1II programs handle the Case III equations;

P1o is the plot program; Pjj the time increment program and P12 the time
comparison program .

When the Case II conditions are reached the program will halt
execution and the programs for this condition must 'be entered. The
same procedure occurs for Case III conditions.’

For plots, when entering Pjg follow this procedure: (1) Enter
Pio in 9100 B Memory (2) Press STOP, END (3) Place switch on
PROGRAM mode  (4) Press STEP PROGRAM (5) Enter three-digit memory
location of value to be plotted versus time and (6) Enter Pyg in
extended memory. This must be performed each time a different plot
variable is desired.
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Section V. CONCLUSIONS

The pfograms presented herein can be utilized to obtain an idza
of the stagnation temperatures and pressures that may be imposed
on a launch tube and the surrounding area by a given rocket, the
internal pressure in the launcher at the rc-ket nozzle exit, and the
effects on missile and launcher actions of various dimensional offsets
and misalignmerts and different firing positions. These programs
are intended for use in design efforts and were written for the
Hewlett-Packard 9100B to enable in-house efforts of this nature to -
be more eff1c1ent1y realized.

It must again be stated that the results of these programs
have not as yet been compared with actual data to determine accuracy.
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